Correlations between vitamin concentration and dry weight in certain plant organs have been noted by various investigators. Wynd (8) observed that an increased concentration of carotene in the leaves of oats and rye harvested at the jointing stage was associated with increased yields of dry matter, but that concentration of ascorbic acid was not intrinsically related to yield. Also working with oat plants, Watson and Noggle (7) found that riboflavin concentration in leaves and stems, in ,g per gin, was significantly correlated (5 % level) with the growth of these organs (dry weight per plant), but that correlation of riboflavin concentration with the growth of roots was not significant.
The present experiments with turnip-green plants were carried out in connection with a regional project. 1 Received April 11, 1952 . 2 Published with the approval of the Director, Oklahoma Agricultural Experiment Station and the permission of the Executive Committee of the Southern Regional Soil-Weather Project S-5. 3 The experimental data in this paper are taken from a thesis submitted by George V. Odell in partial fulfillment of the requirements for the degree of Master of Science in Biological Chemistry in the Graduate School of the Oklahoma A. and M. College and were presented, in part, at the spring, 1952, meeting of the American Chemical Society at Milwaukee, Wis.
They were undertaken to determine the concentration of vitamins in all organs and the distribution of vitamins among organs as plant dry weight increased, and to study the relationship between the total amount of vitamin per plant and plant dry weight.
MATERIALS AND METHODS

PRODUCTION OF CROPS:
Three experiments were conducted with field-grown turnip-green plants of the Seven-Top variety (Brassica rapa L.); plants in the first experiment were grown at Stillwater in the fall of 1950, and those in the second and third experiments were grown at Stillwater and Perkins in the spring of 1951. Seed was planted in six 200-foot rows two and one half feet apart, and a complete fertilizer was applied as a side band application to each row at the time of planting. To facilitate sampling, each row was divided into ten-foot segments.
Duplicate samples were taken at every harvest. A sample consisted of an equal number of plants from each of five segments; each segment was in a different one fifth of the field and was randomly selected from the 24 segments in that area. All segments were sampled from the same end and plants were taken in order of their occurrence. A minimum of ten plants was used for each sample and these were always the first two plants in each segment having a plant grow- (4) was employed in the determination of riboflavin. Details of the method as used in this study have lbeen described by the Southern Cooperative Group (6, pp. 138-139).
Thiamine: The procedure used for the determination of thiamine was an adaption of the method developed by Conner and Straub (1) as described by the Southern Cooperative Group (6, pp. 134-138).
Carotene: Carotene was determined by the procedure developed by Moore and Ely (3) .
Methods used in the analysis of variance and in correlation and regression studies were those described by Snedecor (5 1 2 3 4 5 6 7 8 On the assumption of a linear relationship, regression equations were derived from the data in the three experiments for the estimation of the total amount of ascorbic acid, thiamine, and carotene in the plant from plant dry weight; and an equation for the estimation of riboflavin was derived from data from the fall and spring experiments at Stillwater. These equations, The derived equations adequately express the relationship between the vitamin content of the whole plant and the plant dry weight when plant weight varied from 2 grams to 69 grams. Since these equations were applicable to plants produced at different locations and in different seasons, it appears probable that they may apply to turnip-green plants of the Seven Top variety regardless of their source. It is even possible that they are applicable to all varieties of turnip-green plants. Use of this type of equation provides a convenient method for the estimation of the vitamin content of the plant from plant dry weight.
SUMMARY AND CONCLUSIONS
Vitamin concentration in leaf blades, midribs, and roots of turnip-green plants from three sources appeared to be characteristic for the variety, and relatively unaffected by environmental conditions. As plant weight increased, variation in the ascorbic acid, riboflavin, thiamine, and carotene content of leaf blades was not statistically significant over a period of six weeks. In midribs and roots, the concentration of each of the vitamins decreased as the plants grew larger and the decrease was statistically significant for each vitamin except carotene, in midribs, and thiamine, in roots. Distribution of the whole plant content of carotene, riboflavin, and thiamine among plant organs did not change appreciably as plant dry weight increased, but there was a marked change in the distribution of ascorbic acid which rather closely followed the distribution of plant dry matter.
In all experiments the total amount of each vitamin per plant was positively and significantly correlated with the total amount of plant dry matter. Protochlorophyll is converted to chlorophyll when dark-grown leaves containing it are illuminated, but it is not converted to chlorophyll when dissolved in organic solvents and illuminated. Conditions exist in the leaf, therefore, which facilitate this conversion. In order to analyze the mechanism of the transformation, the effects of various factors on the reaction have been examined. Among the factors examined is temperature, and it is chiefly with this factor that this paper deals.
Only fragmentary data concerning the effect of temperature on this conversion have been published. Liro (12) found that irradiation of etiolated seedlings at -15°C produced chlorophyll. Scharfnagel (15) detected chlorophyll formation in dark-grown corn seedlings when they were illuminated at -6°C. Lubimenko (13) observed that temperature had no sensible influence on the photochemical transformation of protochlorophyll to chlorophyll. Koski and Smith (8) showed that in dark-grown barley leaves the conversion was completely inhibited by temperatures around 90°C, and that the rate of photochemical conversion was little if at all affected by changing the temperature from 5 to 18°C (6, 9, 18) .
The observations that the transformation takes place at freezing temperatures, that the rate is little affected by change of temperature in the room-tem- 1 Received June 11, 1953. perature range, and that high temperature stops the transformation suggested that a systematic investigation of the effect of a wide range of temperatures on the transformation of protoehlorophyll in situ would greatly extend our understanding of this process. Accordingly, the transformation of protochlorophyll to chlorophyll a in intact dark-grown barley leaves has been studied in the temperature range from -195 to +55°C.
MATERIALS AND METHODS LEAF MATERIAL: Leaves from etiolated barley seedlings (Hordeum vulgare) were used in these experiments. The seedlings were grown in pots of sand and were watered with tap water. The temperature of the darkroom in which they were grown was about 22°C. The leaves were harvested from seedlings which had been grown from 9 to 13 days after planting. They were cut about 5 cm below the tip. During the care and handling of the plants, the only light to which they were exposed was from a flashlight screened with a dark-green cellophane filter. The exposures from the flashlight to which the leaves were subjected were ineffective for the transformation. ANALYTICAL METHODS: The percentage transformation was measured by the method employed by Koski, French, and Smith (7) in determining the action spectrum for the conversion of protochlorophyll to chlorophyll a. In brief, it consisted of grind-
